Successful cultivation of maize depends largely on efficient weed control, adequate supply of essential nutrients and sufficient soil moisture. Screenhouse and field trials were conducted at the Teaching and Research Farm of the Federal University of Agriculture, Abeokuta, Nigeria during the early and late cropping season of 2013 to evaluate effects of biochar integrated with manual weeding and pre-emergence herbicides on weed control efficiency and productivity of maize. The screenhouse trial was a 6 × 5 factorial experiment fitted into Completely Randomized Design in three replicates. The two factors were biochar: 0, 2, 4, 6, 8 and 10 t ha −1 and weed control methods: weedy check, hoe weeding at 6 Weeks After Sowing (WAS), hoe weeding at 3, 6, and 9 WAS, pre-emergence herbicide application (Codal Gold) at 1.0 and 2.0 kg a.i./ ha which served as the control. The sub-plots treatments consisted of weed control methods used in the screen house experiment. Data were collected on grain yield and weed dry matter. The result showed that biochar at 10 and 20 t ha −1 in the screenhouse and field trials, respectively, resulted in significantly (P < 0.05) higher grain yield compared with other rates tested. Highest grain yield was obtained in pots hoe weeded thrice at 3, 6 and 9 WAS. Whereas similar grain yield was recorded in plot weeded once at 6 WAS and that hoe weeded at 3, 6 and 9 WAS in the field experiment. Biochar application of 20 t ha −1 gave optimum maize yield. Among the weed control treatments manual weeding either at 6 WAS or at 3, 6 and 9 WAS recorded the highest grain yields. Therefore, incorporation of biochar with either preemergence herbicide or manual hoe weeding would enhance the growth and yield of maize.
INTRODUCTION
Maize (Zea mays L.) is the dominant cereal crop grown in Nigeria. Maize is widely cultivated throughout the world, and a greater weight of maize is produced each year than any other grain. Nigeria is the 10 th largest producer of maize in the world, and the main producing country in tropical Africa with an annual production in excess of 6 million metric tons (USAID, 2010) . It is an important source of carbohydrate, protein, iron, vitamin B, and minerals (Onuk and Ibrahim, 2010) . Maize is fast becoming a very important commodity in animal feed, food and beverage industries. Increased maize production will translate directly into higher consumption, better nutrition and enhanced trading for maximum benefits (USAID, 2010) .
In the tropics, the limiting factors in crop production include weed management, tillage practices, low yielding varieties and sub-optimal planting density (Adeyemi et al., 2008) . Weeds thrive in soils of low fertility, a factor which leads to the abandonment of farmlands by farmers. The tragic consequence of the abandonment of farmlands is the decrease in food production. In order to alleviate these problems, more resistant organic matter such as "char" could be used as the source of soil organic materials applied to soil (Lehman et al., 2003) . This material, which is known as "agrichar" or more commonly called "biochar" has been proven to have the same positive impact as the organic manure or other organic materials as a soil amendment (Wolf, 2008) . Biochar improves soil properties, such as soil pH, Cation Exchange Capacity (CEC) (Chan et al., 2008; Masulili et al., 2010) , soil aggregation, soil water holding capacity and soil strength (Chan et al., 2008) , and increase soil biology population and activity (Rondon et al., 2007) .
Weed management in maize production is the most difficult and resource consuming aspect when weeding is not carried out at an appropriate time or when the right method is not employed. Uncontrolled weed growth causes yield loss of 40 -60% in maize in the tropics (Chikoye et al., 2005) . In monocrop maize, weeds are generally controlled using cultural (hand or hoe-weeding), mechanical (slashing), chemical (pre-plant, pre or post-emergence herbicides) and integrated management practices. Herbicide use has been reported to be more profitable than hoe-weeding in the production of various crops in Nigeria (Adigun et al., 1993) . Judicious use of herbicides has been reported to reduce labour requirement, cost of weed control, increase crop yields by reducing weed competition and consequently increase profitability (Ogungbile et al., 1982) .
An integrated weed management approach that combines the use of a low rate of pre-emergence herbicide with hand weeding later in the season will help the farmer to avoid the high cost of labour at the peak of labour use periods, such as the onset of rains in the tropics. Consequently, this study was carried out to assess the weed control method that is able to guarantee optimum maize production and also provide environmentally-friendly sustainable agriculture.
Till date, there is a dearth of research information on the use of biochar to complement weed control strategy in maize production in the tropics. The hypothesis of this study is that biochar applied as soil amendment will give the maize crop competitive advantage over weeds thus enhancing the effectiveness of manual and pre-emergence chemical weed control in maize production. The objective of this study therefore was to evaluate the weed control efficiency of biochar integrated with manual and pre-emergence weed control on the growth and yield of maize.
MATERIALS AND METHODS

Experimental site
The experimental site was located at the Teaching and Research Farms of the Federal University of Agriculture, Abeokuta in the forest-savanna transition agroecological zone (7°20′N, 3°23′E), Alabata, Ogun State during early and late cropping seasons of 2013.
Treatments and Experimental Design
The experiment was carried out in two phases: screen house and field trial. The screen house experimental design was a 6 × 5 factorial arrangement in Completely Randomized Design (CRD) with three replicates. The treatments consisted of biochar at six rates (0, 2, 4, 6, 8 and 10 t/ha) and five weed control methods; weedy check, pre-emergence herbicide-codal Gold (commercially formulated mixture of prometryne and metolachlor) at 1.0 kg a.i./ha (active ingredient), pre-emergence herbicide-codal Gold at 2.0 kg a.i. / ha, Manual weeding at 6 weeks after sowing (WAS) and Manual weeding at 3, 6, and 9 WAS. Plastic buckets (filled with 10 kg of soil collected from weed infested field) which received the appropriate doses of the pre-emergence herbicide at stipulated rate, were arranged within 10 m 2 of land (2 m×5 m) and sprayed with the amount of the herbicide with aid of well-calibrated CP3 knapsack sprayer calibrated to discharge 300 l/ha of water using a green deflector nozzle type.
The field experiment was laid out in Randomized Complete Block Design (RCBD) in a split-plot arrangement and replicated three times. The main plot treatments consisted of biochar at three rates (0, 10 (most superior rate in the pot trial) and 20 t ha −1 ) whereas the subplot treatments were five (5) weed control methods as described in the pot experiment. The land was ploughed twice and harrowed once two weeks later. There was 1 m pathway between each main plot, 0.5 m between each subplot and 1.5 m between replicates. Each of the main plots was surrounded by 0.5 m high bunds to prevent erosion and flow of treatments between plots during rainfall or irrigation. Soil amendment (biochar from maize cob) was incorporated into the soil at the depth of 5 cm -10 cm. The plots treated with pre-emergence herbicide (Codal Gold) were sprayed with 1.0 and 2.0 kg a.i/ha with the aid of knapsack sprayer calibrated to discharge 300 l/ha of water.
Cultural practices
High yielding and drought tolerant maize variety (Oba super 2) were planted on April 13 th during the 2013 early season at the depth of 5 cm. In the field trial, three seeds of the maize variety were sown on August 20 th during the 2013 late season and thinned to one plant per stand two weeks after sowing (WAS) at the spacing of 75 cm × 25 cm giving a total number of 53,333 plants/ ha. Weeding was done using West African hoe according to the treatment structure.
Data collection
Data were recorded on maize yield and yield components, total weed density and biomass.
Data Analysis
The data collected were subjected to Analysis of Variance (ANOVA) using the Statistical Package GENSTAT 12 th Edition while significant treatments means were compared using Least Significant Difference (LSD) at 5% level of probability.
RESULTS
Effects of biochar rates and weed control methods on grain yield and yield components of maize
Application of biochar significantly affected grain yield and other yield components of maize such as cob girth, 1000 grain weight, harvest index and shelling percentage in the screenhouse experiment (Table 1) . It was observed that as the biochar rates increased from 0 t ha −1 to 10 t ha −1
, the grain yield and harvest index increased significantly. Highest grain yield (33.70 g/plant), 1000 grain weight (0.14 g), harvest index (43.65 %), and shelling percentage (58.05 %) were recorded in the pots treated with biochar rate at 10 t ha −1 compared with pots without biochar application. Also, 91.39 percentage yield reduction was recorded in pots without biochar application. Grain yield, cob girth, cob length, 1000 grain weight and shelling percentage were significantly (P ≤ 0.05) affected by different weed control methods in the pot trial (Table 1) . Highest grain yield was recorded from maize plants manually weeded at 3, 6 and 9 WAS (21.00 g/plant). However, similar grain yield was observed in pot treated with pre-emergence herbicide at 1.0 kg a.i./ha −1 (16.00 g plant ) compared to weedy check. Uncontrolled weed infestation in maize production resulted in 76.19 % yield reduction. While a yield reduction of 62.38 % was recorded when manual weeding was done once at 6 WAS (Table 1) .
In the field trial, biochar rates had significant effects on shelling percentage and grain yield. The shelling percentage was reduced from 77.01 % in plots without biochar rates to 61.21 % when biochar was applied at the rate of 20.0 t ha −1 . Moreover, grain yield showed a significant increase as the biochar rates increased where the highest grain yield (1.70 t ha −1 ) was recorded in plots treated with biochar at 20 t ha −1 as compared with plots without biochar application (Table 2) . Weed control methods were observed to have significant effects (P < 0.05) on the cob girth, cob length and grain yield of maize (Table 2) . Pre-emergence herbicide application at 2.0 kg a.i./ha −1 , hoe-weeding at 6 WAS and hoe-weeding at 3, 6 and 9 WAS had similar effects on cob girth. Also, significantly higher effective cob length (13.22 cm) was observed in plots hoe-weeded at ) was recorded when plots were kept weed infested throughout as compared to plots where weed was either removed chemically or manually. Also, plots that received pre-emergence herbicide at both low and high rates were not significantly different from one another with regards to grain yield (1.29 and 1.44 t ha −1 ) but produced significantly lower grain yield as compared with hoe-weeding thrice. Interaction of hoe weeding at 3, 6 and 9 WAS × biochar rate at 20 t ha −1 gave the highest grain yield compared with other combinations, but similar with the interaction of hoe weeding at 6 WAS × biochar rate at 10 at t ha −1 and interaction of pre-emergence herbicide application at 2.0 kg a.i. / ha −1 × biochar at 10 t ha −1 (Table 3) .
Effect of biochar rates and weed control methods on weed parameters
The result of the field trial showed that biochar rate at 10 t ha −1 significantly reduced weed dry weights at 9 WAS (1.6 gm −2 ). But, application of biochar beyond this level resulted in increased weed biomass accumulation. Similarly, weed control methods significantly affected weed density and weed dry weight at 3, 6 and 9 WAS during the field study (Table 4) . At 3 WAS, plots treated with pre emergence herbicide at both low and high rates (1.0 kg 2.0 kg a.i./ha ) compared to hoe-weeding at 3, 6 and 9 WAS, hoe-weeding at 6 WAS and weedy ) were recorded, respectively (Table 4 ). In terms of weed dry weight at 3 and 6 WAS, lowest weed dry weight were recorded on plots treated with pre-emergence herbicide and hoe-weeding at 3, 6 and 9 WAS compared to plots weeded at 6 WAS and weedy check (Table 4) .
DISCUSSION
The highest grain yield observed in biochar treated pots or plots suggested that biochar has inherent ability to promote soil nutrients availability which could have been otherwise leached beyond the root zone. This result is in agreement with the findings of Zhang et al. (2011) who found out that maize yield was increased from 11.6% to 18.2% under biochar amendment at rates of 20-40 t ha −1 . The grain yield obtained is relatively comparable with the average yield of maize in Nigeria (2 -3 t/ha) even without fertilizer application, as most of higher yield previously obtained were with fertilizer.
Moreover, significantly higher yield observed in both trials when manual weeding was done suggested that hoe weedings were superior to other weed control methods employed in this study with respect to maize grain yield. This result is in agreement with the report of Forcella (2000) and Perry et al. (2004) who stated that hoeing is superior to herbicide application in maize and the effectiveness of hand hoeing treatments is attributed to the notion that hoeing was most likely more efficient in eradicating and stunting the growth of weeds than herbicide treatments. Similarly, Hassan and Ahmed (2005) found that maize yield and yield components (ear length, ear weight, ear kernel weight and weight of 100 grain) were increased with hand hoeing thrice more than applying herbicides alone, as compared with unweeded control.
Application of pre-emergence herbicide was superior to hoe-weeding in weed population reduction at 6 WAS probably because, population of dominant weeds such as Tridax procumbens, Oldenlandia corymbosa, Phyllanthus amarus; grasses (Digitaria gayanus, Digitaria horizontalis, Panicum maximum) and Cyperus esculentus was effectively controlled by Codal Gold at 1.0 and 2.0 kg a.i./ ha −1
. Similar results were obtained by El-Metwally et al. (2012) who observed that fluroxypyr was more effective than the other treatments against broad-leaved weeds, while hoeing treatment was more efficient in reducing the number and dry weight of grass.
CONCLUSION
Application of biochar significantly increased maize grain yield. Also, hoe weeding was observed to enhance the grain yield of maize. Moreover, pre-emergence herbicide application of Codal Gold at 1.0 and 2.0 kg a.i ha −1 was observed to effectively control weeds biomass production at 3 and 6 WAS. However, interaction of hoe weeding at 6 WAS × biochar application at 10 t ha −1 resulted to optimum maize grain yield. Therefore, incorporation of biochar with either preemergence herbicide or manual hoe weeding would enhance the growth and yield maize. 
